Background: The most consistently replicated genetic variants associated with coronary heart disease (CHD) in populations of European descent have been found on chromosome 9p21. Yet there is little known about these associations in ethnic groups of African ancestry. These disease-associated variants are located in a genomic region of unknown function. The purpose of this exploratory study was to examine the allelic frequencies and haplotype structure of single nucleotide polymorphisms (SNPs) for Black and White women with CHD. The authors also sought to explore the relationship between these genetic variants and biomarkers of inflammation. Methods: Using polymerase chain reaction amplification, the authors genotyped 8 SNPs in a 58-kilobase region of chromosome 9p21 in a cohort of women with CHD (n ¼ 91). The authors examined the interethnic relationship between the SNPs and four inflammatory biomarkers (C-reactive protein, intercellular adhesion molecule-1, interleukin-6, and tumor necrosis factor-alpha) using analysis of variance (ANOVA). Results: We found considerable interethnic allelic and haplotype diversity across the 9p21 locus, with only two SNPs in perfect linkage disequilibrium (LD) in both races. A pair of high-and low-risk haplotypes was most common in White women, while about 41% of Blacks carried the risk alleles for three of the eight SNPs the authors examined. The interethnic associations between the SNP genotypes and inflammatory markers were divergent in both direction and magnitude. Conclusions: Our results lend support for the importance of ancestry-specific allelic context when examining variants on chromosome 9p21. Additional work is needed to elucidate the genetic contribution to inflammatory biomarkers for diverse racial groups.
Recognized as the leading cause of death in women, coronary heart disease (CHD) is a multifactorial phenotype resulting from a complex interaction of multiple genes and environmental factors (Arnett et al., 2007; Roberts, Wells, Stewart, Dandona, & Chen, 2010) . The widely accepted view of atherosclerosis points to inflammation as a critical regulator from the disease's inception through its progression to the ultimate complication of thrombosis (Libby, Okamoto, Rocha, & Folco, 2010) . Fueled by traditional risk factors including tobacco consumption, hypertension, obesity, and insulin resistance, inflammatory processes drive many aspects of the biology of atherosclerotic plaque. Dysregulated metabolic status including atherogenic dyslipidemia, hyperglycemia, insulin resistance, and proinflammatory states (Grundy et al., 2005) confer increased risk for CHD and poor long-term prognosis (Espinola-Klein et al., 2007; Gami et al., 2007; Ridker, Buring, Cook, & Rifai, 2003) . Obesity is associated with a proinflammatory state (Despres & Lemieux, 2006 ) mediated by dysregulated adipose tissue releasing inflammatory cytokines (Yan et al., 2008) . Inflammation is more prevalent in women (Feinberg, Schwartz, & Behar, 2008) and is more predictive of CHD in women than in men (Cook, Buring, & Ridker, 2006; Pischon et al., 2008) .
Inflammatory biomarkers commonly involved in the initiation and progression of atherosclerotic lesions as well as in the development of atheroma complications (Libby, 2002) include C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and intercellular adhesion molecule-1 (ICAM-1; Ridker, Hennekens, Buring, & Rifai, 2000) . Higher levels of these biomarkers are predictive of cardiovascular events in postmenopausal women. Although inflammatory biomarker concentrations are heritable phenotypes (Schnabel et al., 2009) , the variability of and genetic contribution to these concentrations for most inflammatory markers remains incompletely understood for diverse racial groups.
Several genome-wide association studies (GWAS) have identified susceptibility genes linked to CHD (Helgadottir et al., 2007; McPherson et al., 2007; Samani et al., 2007; Samani et al., 2008; Wellcome Trust Case Control Consortium, 2007) . One of the most robust susceptibility loci is located in a 58-kilobase (kb) region on chromosome 9p21 . A meta-analysis of the association between chromosome 9p21 single nucleotide polymorphisms (SNPs) and CHD provided convincing evidence in seven additional case-control studies of northern European individuals combined with the four populations of the previous GWAS . Investigators have found associations between 9p21 SNP genotypes and CHD with similar effect sizes and allele frequencies in Japanese and Korean (Hinohara et al., 2008) , Irish (Meng et al., 2008) , East Indian (Maitra et al., 2009) , and South Asian populations (Saleheen et al., 2010) , and in cohorts from Finland, Sweden, and France (Karvanen et al., 2008) . We know little, however, about possible associations between 9p21 SNP genotypes and CHD in Black racial groups (Assimes et al., 2008) . Assimes et al. (2008) , examining three 9p21 SNPs (rs10757274, rs2383206, and rs10757278), found they were associated with CHD in Whites but not in Blacks. Moreover, the disease-associated variants are located in a genomic region of unknown function (Silander et al., 2009) . Comparisons across studies can be challenging when investigators have genotyped different SNPs on chromosome 9p21 associated with CHD. Haplotype (a set of SNPs found on the same chromosome that tend to be inherited together) analyses offer more genetic information than analyses of a single SNP. Examining additional SNPs at this locus may refine and improve the identification of the risk haplotype .
Despite convincing evidence of the relationship between 9p21 SNPs and CHD, most investigators have found no relationship between these SNPs and disease severity (S. N. Chen, Ballantyne, Gotto, & Marian, 2009; Z. Chen et al., 2009; Horne, Carlquist, Muhlestein, Bair, & Anderson, 2008) , mortality (Ellis et al., 2010) , or traditional risk factors (Assimes et al., 2008; Brautbar et al., 2009; Karvanen et al., 2008) . Likewise, in the Women's Genome Health Study, genetic variation in 9p21 in White women was associated with incident cardiovascular disease but not traditional risk factors or CRP concentrations (Paynter et al., 2009) . Contrary to reports of no association between 9p21 polymorphisms and lipid profiles (Broadbent et al., 2008; Schunkert et al., 2008) , Ellis and colleagues (2010) found that participants of the Coronary Disease Cohort Study (N ¼ 251; 27.5% women) with the rs1333049-C risk genotype had significantly higher levels of total cholesterol and triglycerides than those who did not carry that genotype.
As evidence of the involvement of gene variants in CHD accumulates, the study of interactions between genetic polymorphisms and environmental exposures in CHD becomes ever more important. Definitive evidence of the extent to which inflammatory biomarkers such as CRP are causal risk factors in CHD, markers of established risk factors such as smoking to which they are correlated, markers of multiple genetic influences, or some combination of these possibilities remains tentative (Elliott et al., 2009) . The significant genetic determination of CHD has been poorly characterized in women and ethnic minorities, and there remains a paucity of sex-specific biomarker data (Novack, Cutlip, Jotkowitz, Lieberman, & Porath, 2008) . Moreover, investigators have not extensively studied whether ethnicity affects the production of pro-inflammatory cytokines or the association of inflammation with CHD risk in women. More substantial data are needed regarding the interethnic risk-allele prevalence of a set of common SNPs at loci associated with CHD risk and whether the relationship is modified by gender, by the presence of other genes, or by environmental factors (Humphries, Drenos, Ken-Dror, & Talmud, 2010) . The role of chromosome 9p21 in CHD remains unclear, particularly for understudied phenotypes including women of ethnic groups other than those of European origin.
Thus, the purpose of this descriptive pilot study was to examine the allelic frequencies and haplotype structure of genetic variants on chromosome 9p21 for Black and White women with CHD. We also sought to explore the relationships between these genetic variants and biomarkers of inflammation linked to CHD. To this end, we conducted polymerase chain reaction (PCR) amplification using commercially available TaqMan genotyping assays to examine the genotype frequencies of eight variants on chromosome 9p21. The amplification of genomic DNA sequences using PCR technology has become a standard approach to genotyping. The capacity of PCR to amplify a specific segment of DNA in exponential progression makes it a powerful tool in the study of polymorphisms. We analyzed inflammatory biomarkers (CRP, IL-6, TNF-a, and ICAM-1) using the Luminex 200 IS system, a laser-based fluorescent analytical system, in conjunction with LINCOplex bioassays.
Method

Participants and Setting
Data for this study are from a sub-study of a larger randomized clinical trial that was already underway. Supplemental funding permitted the opportunity to analyze blood samples from women subsequently enrolled between 2006 and 2008. Details of the study design, recruitment, cardiac rehabilitation interventions as well as depression and inflammatory biomarker outcomes of the parent trial have been published previously (Beckie, 2006; Beckie, Beckstead, & Groer, 2010; Beckie, Beckstead, Schocken, Evans, & Fletcher, 2010; Beckie et al., 2009) . The Institutional Review Board of the university approved the study, and all participants provided written informed consent. The study included women over the age of 21 years with the diagnosis of a myocardial infarction (MI), unstable angina, or coronary revascularization who were within 3 months of the index event and had not yet begun a cardiac rehabilitation program.
Measures
Baseline clinical and physiological characteristics. Physiological assessment included CHD risk factors, anthropomorphic measures, medication use, and fasting lipids and glucose tests. We calculated body mass index as weight in kg/(height in m) 2 . We obtained 12-hour fasting lipid and glucose measurements utilizing the Cholestech LDX system (Hayward, CA). Components of metabolic dysregulation were those specified in the revised National Cholesterol Education Program Adult Treatment Panel III criteria (Grundy et al., 2006) .
Biomarkers.
We centrifuged blood samples, obtained in heparinized tubes after a 12-hour fast, at 3,800 rpm for 25 minutes at 0 C. We then stored serum samples in 1.5-ml microcentrifuge tubes and immediately placed them at À80 C until analysis. We used the Luminex 200 IS system and LINCOplex Bio-assay kits (Millipore Corporation, St. Charles, MO) to analyze high-sensitivity CRP (hsCRP), IL-6, TNF-a, and ICAM-1 according to manufacturers' protocols. We ran samples in duplicate and analyzed concentrations using a 5-parameter logistic curve-fitting method. We set measures of cytokines that were below the minimum detectable concentration (<3.2 pg/ml) equal to half the detection level (Helsel, 2005) . We measured serum hsCRP using a LINCOplex Human Cardiovascular Disease Panel 2 with an assay sensitivity of 6 minDC (pg/mL) and TNF-a and IL-6 in serum samples using the Human Cytokine LINCOplex two-plex kit. Sensitivities for TNF-a and IL-6 were 0.22 and 0.79 pg/mL, respectively. We used the Human Sepsis/Apoptosis LINCOplex kit to measure ICAM-1, at a minimum detectable concentration of 30.0 pg/ mL. For all assays, we used manufacturer-provided quality controls for each plate. The intra-assay coefficients of variation (CV) for hsCRP, TNF-a, IL-6, and ICAM-1 were 8.0%, 8.0%, 13.6%, and 5%, respectively. The interassay CV for hsCRP, TNF-a, IL-6, and ICAM-1 were 17.5%, 10.9%, 12.7%, and 8.7%, respectively.
Genotype Determination
We overlaid blood samples on a Histopaque density gradient and centrifuged them at 1,200 rpm for 25 minutes at room temperature with the brake off. We washed the resultant peripheral blood mononuclear cells (PBMCs) twice in RPMI-1640 with 10% fetal calf serum with 50 ug/ml gentamicin. We then slowly resuspended the cell pellets in a freezing solution of 10% DMSO in RPMI-1640 with 10% fetal calf serum and gentamicin. We placed the cryovials in propanol tanks at À80 C and transferred them within 24 hour to liquid nitrogen. For DNA extraction, we thawed the PBMCs, transferred them to microcentrifuge tubes, and centrifuged them for 30 minutes at 4 C to create a cell pellet. We used the QIAamp DNA Micro Kit (Qiagen Inc., Valencia, CA) to extract 50 uL of genomic DNA from each sample and measured DNA concentrations using a NanoDrop ND-1000 UV-Vis Spectrophotometer (Nanodrop Technologies, Wilmington, DE). We diluted samples with RNAse-free water to provide a concentration of 20 ng of DNA/uL and used predesigned TaqMan1 SNP genotyping assays (Applied Biosystems, Foster City, CA) to genotype eight SNPs spanning the 58-kb region of 9p21 (rs10116277, rs1333040, rs4977574, rs10757274, rs2383206, rs2383207, rs10757278, and rs1333049) , as reported in the literature (Broadbent et al., 2008) . We amplified genomic DNA using PCR technology, performing the PCR reactions in a total volume of 25 uL containing 2.5 uL DNA, 12.5 uL TaqMan Genotyping Master Mix (Applied Biosystems, Foster City, CA), 1.25 uL of TaqMan assay, and 8.75 uL water. We performed reactions in 96-well plates in triplicate using a Bio-Rad CFX96 real-time quantitative PCR thermocycler. PCR involves incubating the samples at three temperatures corresponding to the three steps in a cycle of amplification-denaturation, annealing, and extension. We amplified DNA under the following conditions:
Step 1-50 C for 2 minutes;
Step 2-95 C for 10 minutes;
Step 3-40 cycles of 92 C for 15 s followed by 60 for 1 minutes. We generated genotypes by automatic calling using the CFX96 version 1.5 software. We also reviewed all genotypes manually and subsequently downloaded data to an excel spreadsheet for analysis.
Haplotype Construction
We employed Pearson's chi-square (w 2 ) test with 1 degree of freedom to assess whether SNPs were in Hardy-Weinberg Equilibrium (HWE) among Blacks and Whites separately. We analyzed genotyping data with PHASE version 2.1.1 (http://www.stat.washington.edu/stephens/software.html), which uses Bayesian statistics to infer phase at linked loci from population genotype data and reconstructs haplotypes with sample frequency estimates (Stephens & Donnelly, 2003; Stephens, Smith, & Donnelly, 2001) , and assessed pairwise linkage disequilibrium (LD) between the SNPs using Haploview version 4.2 (http://www.broadinstitute.org/haploview). We examined haplotypes separately for Blacks and Whites, given allelic frequency variability between populations (Silander et al., 2009) . We identified haplotype blocks graphically from the LD intensity expressed as Lewontin's D 0 statistic (Lewontin, 1964) and r 2 (Barrett, Fry, Maller, & Daly, 2005; Devlin & Risch, 1995) . Complete LD (D 0 ¼ 1) occurs when the allelic association is as strong as possible, given the allele frequencies at the two sites (Carlson et al., 2004) . When SNP minor allele frequencies (MAF) are identical, genotypes are perfectly correlated (r 2 ¼ 1). We used the solid spine of LD method to search for a spine of strong LD from the first SNP to the last along the legs of the triangle in the LD plot. We used D 0 >.5 as the criterion the LD blocks. We used Haploview's Tagger strategy to select tagging SNPs that would best capture all alleles that were correlated at an r 2 ! .8.
Statistical Analysis
We used PASW1 Statistics 18 for Windows (SPSS Inc, Chicago, IL) for statistical analysis, calculating means, standard deviations, and percentages to describe the study variables and Pearson's w 2 to compare the distributions of allele frequencies by race. We logarithmically transformed the inflammatory biomarker and triglyceride levels for analyses and then backtransformed them to their natural units for presentation purposes. We compared mean levels of inflammatory markers according to the presence versus absence of at least one copy of the risk allele (dominant genetic model) for each SNP within each race separately using analysis of variance (ANOVA). With a sample size of 91 and a ¼ .05, we considered the possibility of type II statistical error in our study. Moreover, controlling for multiple test comparisons between SNP genotypes and the inflammatory biomarkers rendered the reliance on statistical test probability values problematic. Therefore, our discussion of the results focus on the size of the effects observed indexed as eta 2 (Z 2 ). According to Cohen's convention, Z 2 of .01, .06, and .14 represent small, medium, and large effects, respectively (Cohen, 1988) .
Results
Clinical Characteristics
We included a total of 91 women with complete baseline genotypic, inflammatory biomarker, and clinical data in this study. The mean age of the sample was 61.2 + 10 years. Most were White (82%), married (51.6%), and retired (49.5%); Black women comprised 18% (n ¼ 16) of the sample. The majority of women had undergone percutaneous coronary interventions (30%) or coronary artery bypass grafting (30%) just prior to enrolling in the parent study, and 11% had stable angina. Nearly 30% (n ¼ 27) had been diagnosed with an MI during their index hospitalization. Most women had been prescribed statins (92%), aspirin (88%), and b-blockers (78%). About 26% of the women were taking nonsteroidal anti-inflammatory drugs (NSAIDs), and 6.6% were on estrogen replacement (see Table 1 ). Compared to Whites, a higher percentage of Blacks were taking insulin. There were no interethnic differences in the consumption of statins, aspirin, or NSAIDs.
Blacks and Whites were similarly sedentary, overweight, dyslipidemic, and hypertensive (see Table 2 ). Almost half of the participants reported a family history of CHD and nearly 18% had experienced a previous MI. Though the racial groups were not different on most traditional risk factors, more Blacks had a history of previous stroke. Table 3 summarizes the baseline lipid profiles, components of metabolic dysregulation, and inflammatory biomarkers that reveal few interethnic differences. White women demonstrated higher triglyceride and IL-6 concentrations than Black women. Secondary analysis of the use of prescribed medications known to influence the inflammatory response revealed that self-reported daily use of aspirin was associated with a reduced level of ICAM-1 (200.7 pg/mL vs. 289.7 pg/mL; Z 2 ¼ .053), while the reported daily use of statins did not affect the level of inflammatory biomarkers. Women reporting any use of nonspecific NSAIDs somewhat surprisingly demonstrated elevated hsCRP levels (10.2 mg/L vs. 5.3 mg/L; Z 2 ¼ .084).
Allelic and Genotypic Characteristics
The SNPs did not deviate from the HWE for either race (p > .05, details not shown). alleles of four of the eight SNPs (rs10757274-G, rs4977574-G, rs10757278-G, and rs1333049-C). However, compared to Whites, a larger proportion of Blacks carried two copies of the risk alleles of two SNPs (rs10116277-T and rs2383207-G).
There was a trend for fewer Blacks to carry two copies of the risk allele for rs2383206 compared to White women. However, there was less interethnic variation in the genotypic distribution of rs1333040.
LD and Haplotypes
The SNPs examined span 44,106 base pairs of DNA at the 9p21 locus. Haplotype determination using PHASE 2.1.1 provided estimates of the sample haplotype frequencies, which we display in Table 5 . The two most common haplotypes for White women were rs10116277-T, rs1333040-T, rs10757274-G, rs4977574-G, rs2383206-G, rs2383207-G, rs10757278-G, and rs1333049-C (51.1%) and G-C-A-A-A-A-A-G (26.3%), with the first haplotype representing all SNP risk alleles for CHD and the second reflecting the wild type alleles for each SNP. Haplotype frequency estimates for Black women were much more diverse. The two most frequent haplotypes for Black women were rs10116277-T, rs1333040-T, rs10757274-A, rs4977574-A, rs2383206-A, rs2383207-G, rs10757278-A, and rs1333049-G (40.6%), and T-T-A-A-G-G-A-G (10.9%). Notably, the first haplotype includes risk alleles for only three SNPs (rs10116277, rs1333040, and rs2383207), while the second haplotype includes risk alleles for four SNPs (rs10116277, rs1333040, rs2383206, and rs2383207). Only 5.8% of Blacks carried risk alleles for seven of eight SNPs and 6.3% carried risk alleles for five of eight SNPs. We conducted an extended haplotype analysis using Haploview to provide further insights into the relationship between SNP LD patterns according to ethnicity. Figure 1A and B shows the position of the SNPs on chromosome 9p and the pairwise LD plot (scaled as D 0 ) for the White and Black women, respectively. Figure 1A illustrates the high pairwise LD of the eight SNPs in the haplotype block for Whites (D 0 ¼ 0.757 À 1.0, r 2 ¼ 0.392 À 0.973). Figure 1B shows that these same SNPs have dramatically lower pairwise LD in Blacks (D 0 ¼ 0.24À1.0, r 2 ¼ 0.0À1.0). The single haplotype block assigned to the SNPs of Whites shows two SNPs (rs10757274 and rs4977574) in perfect LD (D 0 ¼ 1, r 2 ¼ 1). The lowest LD was for SNPs rs1333040 and rs2383207 (D 0 ¼ 0.694, r 2 ¼ 0.428). Four tagging SNPs that captured all eight SNPs for Whites included rs4977574, rs10757274, rs10757278, and rs1333049, with a mean maximum r 2 ¼ 0.937. Haploview revealed two haplotype blocks for Blacks. The first block included rs10116277 and rs1333040 (D 0 ¼ 0.594, r 2 ¼ 0.111), and the second block comprised the six remaining SNPs. Two SNP pairs had the lowest LD (rs10116277 and rs2383206, D 0 ¼ 0, r 2 ¼ 0; rs2383206 and rs2383207, D 0 ¼ 0, r 2 ¼ 0). Tagging SNPs for Blacks included rs4977574 and rs10757274 (D 0 ¼ 1.0, r 2 ¼ 1.0). 
Relationship Between Genotype and Inflammatory Markers
Because two SNPs were in perfect LD for both races (rs10757274 and rs4977574), we arbitrarily excluded rs4977574 from further analyses. The low frequency of various SNP genotypes in Blacks prompted the collapse of genotypes into carriers of the risk alleles and the wild type alleles for subsequent analyses. Table 6 provides the inflammatory biomarker data for Whites and Blacks with at least one copy of the SNP risk alleles compared to those with the wild type alleles (dominant genetic model). There was no evidence of an association between hsCRP and 9p21 SNPs in Whites. Blacks with the risk alleles for rs10757274 and rs10757278 (in high LD; D 0 ¼ 1, r 2 ¼ 0.59) demonstrated lower hsCRP levels (3.3 and 3.4 mg/L, respectively) compared to those with the wild type genotype (7.3 and 8.3 mg/L, respectively; Z 2 ¼ .092 and .102, respectively). 75) and B. Black (n ¼ 16) women. LD patterns between eight single nucleotide polymorphisms (SNPs) rs10116277, rs1333040, rs10757274, rs4977574, rs2383206, rs2383207, rs10757278, rs1333049 were derived from genotyping data from a sample of women with established coronary heart disease. The pairwise correlation between SNPs was measured as D 0 and is shown (Â 100) in each diamond. Diamonds without numbers represent D 0 ¼ 1. The color scheme is white, r 2 ¼ 0; shades of gray, 0 < r 2 < 1; black, r 2 ¼ 1. 
.036 Cumulative relative frequency .928 .932
Note. The first row, represents the risk haplotype (TTGGGGGC). The second row represents the protective haplotype (GCAAAAAG).
Across all SNPs among Whites, those with at least one copy of the risk alleles showed higher IL-6 levels (24.0-27.6 pg/mL) than did those with the wild type alleles (5.0-11.8 pg/mL). However, these differences must be interpreted relative to the standard deviations shown in parentheses in Table 6 . The measure of effect size (Z 2 ) puts these differences on a common metric. In Whites across all SNPs, the average Z 2 was .022, suggesting that these mean differences in IL-6 levels are small. In Blacks, the Z 2 for mean differences in IL-6 levels across all SNPs were much more varied, with some even counterintuitive. The sizes of the effects of two SNPs (rs2383206 and rs10757278) on IL-6 were much larger in Blacks (Z 2 ¼.158 and .112, respectively) than in Whites (Z 2 ¼.032 and .026, respectively). Similar to Whites, Blacks carrying the risk alleles for these SNPs demonstrated higher mean IL-6 levels (4.6 and 5.3 pg/mL, respectively) than did those carrying the wild type (1.6 and 3.1 pg/mL, respectively). Notably, few Blacks carried two copies of the risk alleles for these SNPs, and their IL-6 levels were lower than Whites. CT/TT a Z 2 CC CT/TT a Z 2 HsCRP mg/L 5.4 (6.1) 6.9 (11.9) .001 3.7 (-) 5.9 (6.0) .001 IL-6 pg/mL 11.8 (15.2) 24.0 (55.9) .000 7.0 (-) 4.0 (3.2) .083 TNF-a pg/mL 8.9 (7.9) 11. The associations between the SNPs and TNF-a concentrations were negligible in Whites despite a consistent trend for those with the risk alleles to demonstrate higher TNF-a levels (11.1-11.9 pg/mL) than those without (7.4-8.9 pg/mL). However, Blacks with at least one copy of the risk alleles of rs2383206 and rs10757274 revealed much larger effects on TNF-a levels (Z 2 ¼.156 and .234, respectively) than those seen in Whites (Z 2 ¼.008 and .002, respectively). Although few Blacks had the GG risk genotypes for these SNPs, we found inverse patterns of association between these two SNPs and TNF-a levels. Compared to Blacks with the wild type alleles, Blacks with risk alleles for rs2383206 demonstrated higher TNF-a levels (1.6 vs. 6.2 pg/mL), while those with risk alleles for rs10757274 had lower levels (2.8 pg/mL) than those with the wild type alleles (7.2 pg/ mL).
Finally, for all SNPs, ICAM-1 levels were higher in Whites with at least one copy of the risk alleles (216.9-222.7 pg/mL) compared to those carrying the wild type alleles (145.6-189.9 pg/mL). This finding was particularly evident for rs1333040 (222.7 pg/mL vs. 145.6 pg/mL; Z 2 ¼ .061). The effects of the SNPs on ICAM-1 in Blacks were small (average Z 2 ¼ .025), with the exception of rs10757278 (Z 2 ¼ .171). Blacks with the wild type genotype (AA) for rs10757278 demonstrated higher ICAM-1 levels (248.3 pg/mL) compared to those with at least one copy of the risk allele (165.5 pg/mL).
Discussion
As an inflammatory metabolic disease, CHD develops through a complex interaction between multiple environmental, behavioral, and genetic factors contributing to the development of atherosclerotic plaques that lead to phenotypic presentations ranging from stable angina to MI (Roy, Bhardwaj, & Yla-Herttuala, 2009 ). Investigators have identified various common genetic variants associated with processes including lipid metabolism, oxidative stress, inflammation, and cell proliferation and apoptosis as risk factors for CHD (Yamada, Ichihara, & Nishida, 2008) . Despite the consistently replicated association linking chromosome 9p21 variants and CHD, the biological mechanism of this association remains elusive (Palomaki, Melillo, & Bradley, 2010) . About 50% of Whites carry at least one copy of the 9p21 risk alleles with an estimated 29% increased risk of CHD compared to noncarriers (Newton-Cheh et al., 2009) . About 25% of Whites carry two copies of the risk alleles and have a twofold increased risk of earlyonset CHD compared to those without these alleles (McPherson, 2010) . The phenotypic heterogeneity of CHD presents a challenge for determining whether chromosome 9p21 variants are associated with the development of atherosclerosis or plaque rupture and/or thrombosis. Recent data suggest that 9p21 gene dose is associated with severity of coronary vessel involvement but not with MI in Whites , lending support for the hypothesis that 9p21 is proatherogenic. Because of the polygenic and multifactorial nature of CHD, determining the unique contribution and biological validity of genetic variants, inflammation, and traditional risk factors for atherosclerosis and altered arterial biology continues to challenge biobehavioral researchers.
Researchers have published few replication studies of the 9p21 locus in non-European populations for CHD-related phenotypes to date. To address this gap in the literature, we sought to examine the allelic frequencies and haplotype structure of polymorphisms on chromosome 9p21 in Black and White women with CHD. Given that both the biological relationship between 9p21 and CHD and the direct causal link between inflammatory biomarkers and CHD are tentative, particularly for African descendants, we explored the potential relationship between inflammatory and genetic markers of CHD in a sample of ethnically diverse women.
The risk factor profiles, clinical characteristics, and comorbidities of Black and White women were similar in our study. Moreover, the majority of women in both racial categories consumed a variety of anti-inflammatory medications including aspirin and lipid-lowering therapy. Although statin therapy had no effect on biomarker levels, aspirin use was associated with lower ICAM-1 levels; the 24 women reporting any NSAID use, inexplicably, had higher hsCRP concentrations. However, because these women were plausibly consuming NSAIDs on a temporary or intermittent schedule, it is unclear whether any exposure had occurred on the days preceding the blood draw or whether, in fact, the women were using NSAIDs for pain relief due to a chronic or acute inflammatory condition. In our sample of women with CHD, Whites had higher baseline triglyceride, CRP and IL-6 levels compared to Blacks (see Table 3 ). Carroll and colleagues (2009) examined the ethnic differences in CRP and IL-6 levels of primary-care practice patients older than 45 years and without a current or previous history of CHD. In comparison to our findings, Carroll and colleagues found that Black women (n ¼ 68) had higher CRP and IL-6 levels than did White women (n ¼ 47) after controlling for visceral fat and age. IL-6 is a recognized prognostic risk factor for future cardiovascular events in patients with CHD (Koenig & Khuseyinova, 2007) . Investigators of the Women's Health Initiative study (89% White) found that of 18 biomarkers assessed, only increased IL-6 was independently associated with CHD (Kim et al., 2010) . IL-6 promotes endothelial dysfunction and smooth muscle proliferation and perpetuates vascular inflammation through recruitment and activation of inflammatory cells (Schuett, Luchtefeld, Grothusen, Grote, & Schieffer, 2009 ). The few studies that have examined interethnic differences in inflammation reveal inconsistent findings. Although investigators have reported that apparently healthy White women have higher ICAM-1 levels and higher TNF-a levels than Black women (Hyatt et al., 2009) , others found that apparently healthy Blacks had higher inflammatory biomarker concentrations than Whites (Albert, 2007; Carroll et al., 2009; Ford, Giles, Mokdad, & Myers, 2004; Walston et al., 2007) . Some studies investigating the association between cytokine polymorphisms and race suggest the potential for systemic inflammatory upregulation in Blacks (Ness, Haggerty, Harger, & Ferrell, 2004) , while others do not (Van Dyke, Cote, Wenzlaff, Land, & Schwartz, 2009 ). Thus, despite reported cytokine allelic, genotypic, and haplotype frequency differences by race, a pro-inflammatory genetic profile remains ambiguous.
We found considerable interethnic allelic and haplotype diversity across the 9p21 locus with only two SNPs in perfect LD in both races (rs10757274 and rs4977574) and only a small proportion of the haplotypes shared between the racial groups. We found significant LD among the SNPs in White, but not in Black women. Our data corroborate previous findings of extensive LD in variants on chromosome 9p21 in Northern and Western European (CEU) populations that is diminished in populations of African ancestry (YRI) for both pairwise LD and the size of the haplotype blocks (International HapMap Consortium, 2005; International HapMap Project, 2003) . We found that White women displayed two common haplotypes, with one representing risk alleles for all SNPs examined and the other representing wild type alleles for all SNPs. Investigators have previously described these risk and protective haplotypes as a perfect complementary, or yin-yang, pattern (Broadbent et al., 2008; Zhang, Rowe, Clark, & Buetow, 2003) .
Despite the exponential advances in understanding the genetic basis of CHD, progress in uncovering the interethnic variations have been slower, and validation studies are few. In this pilot study, we more completely characterized the 9p21 genetic locus by examining all eight SNPs most frequently identified in the literature and by including an ethnic group other than White. The interethnic variations in risk alleles and the LD structure of the eight 9p21 SNPs reported herein contribute to the limited body of knowledge regarding the contributions of race to the genetic determinants of CHD. A more extensive understanding of the interethnic differences in genotype frequencies may inform how the combination of SNPs and distinct haplotypes affect the susceptibility to CHD. Replication studies with diverse populations are needed to clarify the biological link of the 9p21 locus to CHD.
Cognizant of the consequences of multiple statistical tests being conducted with a small sample size, in our analyses of the relationship between the 9p21 variants and inflammatory biomarkers we concentrated on the size of the associations (Z 2 ) rather than on tests of significance. The homogeneity among the 9p21 SNPs observed in Whites ( Figure 1A) but not in Blacks ( Figure 1B) parallels the associations observed between the SNP genotypes and the inflammatory markers. For all SNPs examined in White women, those with at least one copy of the risk allele had higher biomarker levels than those with the wild type allele. This pattern was not consistent across SNP genotypes for Black women. We observed interethnic differences in the relationships between all biomarkers and genotypes of both rs10757274 and rs2383206. Few Blacks carried two copies of the risk alleles of these SNPs. However, Blacks with at least one risk allele compared to those with the wild type generally had lower biomarker levels. Conversely, Whites with at least one copy of the risk alleles, compared to those with wild type genotypes, demonstrated higher biomarker concentrations. Similarly, compared to the wild type alleles, the risk alleles of rs10116277, rs1333040, and rs1333049 were generally associated with lower biomarker levels in Blacks but higher levels in Whites. While intriguing, these results require replication. Also warranted is further investigation of the interethnic discrepancies in the strength and direction of the associations between rs10757278 and both IL-6 and ICAM-1. The influence of both prescribed and over-the-counter medications on inflammatory biomarkers also requires closer consideration. Current evidence suggests that environmental factors contribute to inflammatory biomarker levels to a greater degree than genetic influences (Schnabel et al., 2009) , but this remains to be replicated in ethnically diverse populations. Caution is warranted when generalizing these results for a number of reasons-first, because participants were from a single institution in the southeastern United States. Second, while all women had established CHD, phenotypic heterogeneity of this small convenience sample may present a limitation. Third, the effect sizes of the variants were small, plausibly related to phenotypic differences, but this makes them no less interesting. The effect sizes (Z 2 ) for Blacks reported in Table 6 ranged from .001 to .234 with a median value of .039. Using the median effect size (an optimistic assumption), an a .05, and power of .80, a sample size of 200 Blacks with CHD would be sufficient for examining the association between the 9p21 risk alleles and the inflammatory biomarkers. The most conservative estimate of sample size, using the smallest Z 2 of .001, indicates that approximately 7,800 Blacks would be required. Fourth, although we identified several interesting interethnic patterns between 9p21 genotypes and inflammatory biomarkers, the available sample, with few Blacks, precluded examination of plausible clinical predictor variables of these biomarkers in multivariate models. Finally, because CHD is a complex polygenic condition, multiple unmeasured polymorphisms may interact to influence inflammatory levels. This pilot study served to refine the biobehavioral methodological protocol, obtain estimates of effect sizes, and generate additional hypotheses for a future longitudinal case-control study that examines gene-gene and gene-environment interactions with a larger sample of women.
Implications and Future Prospects
The aspirations for personalized healthcare, the development of evidence-based treatment strategies, and improved CHD risk prediction are gaining traction as interdisciplinary researchers strive to characterize the genomic, environmental, and behavioral influences underlying the mechanisms of CHD. Although evidence suggests that genetic susceptibility at the 9p21 locus to CHD is not mediated by known pathogenic mechanisms such as altered lipid metabolism (Broadbent et al., 2008; Schunkert et al., 2008) , inflammation (Paynter et al., 2009) , or traditional risk factors (Assimes et al., 2008; Brautbar et al., 2009) , these possibilities cannot be ruled out, given the limited investigations to date. The lifetime accumulation of traditional risk factors in older age groups may overshadow the genetic effects on CHD (Walston et al., 2007) . All women in the current study had CHD, yet only 51% of Whites and 7% of Blacks carried the risk alleles for all 9p21 variants. Additional work is required to examine the common SNPs associated with inflammatory biomarkers and their role in CHD in diverse ethnic and age groups.
The exponential growth of genomic discoveries confers fundamental implications for nursing science and practice. Nurse scientists are playing an increasingly integral role in contributing to the understanding of the biological mechanisms of complex diseases. In this era of genomic science, nurses have a crucial role to play in translating genetics and genomics research through customizing therapies designed to improve clinical outcomes and in counseling individuals and families with identified genetic risks for disease. Through the conduct of translational research, nurse scientists are fostering the integration of genomic findings into evidence-based and culturally sensitive clinical health care. Clinical translation of 9p21 SNP genotypes may prove useful for risk stratification of patients with established CHD . Early genetic CHD risk prediction could potentially motivate early and aggressive lifestyle modification before the disease manifests (Johansen, Lanktree, & Hegele, 2010) . Nursing research has a long and accomplished history of examining the psychosocial, environmental, cultural, and behavioral influences on health and disease. As integral members of interdisciplinary research teams, nurse scientists are delineating the extent to which genes and health behaviors such as smoking, diet, exercise, and stress interact to influence health and illness. Genetic risks, such as the 9p21 variants, plausibly require specific environmental contexts or stressors in order to manifest phenotypically. Greater characterization of ethnically specific geneenvironment interactions is likely to improve our understanding of how changing environmental exposures modify the effects of genetic risk factors. Interdisciplinary research involving the genetic triggers of CHD in consort with the allostatic load model (the cumulative physiological dysregulation in response to environmental stressors; McEwen, 1998a McEwen, , 1998b is a promising approach for developing evidence-based interventions to lessen the burden of CHD.
In summary, we found interethnic differences in the haplotype structure of chromosome 9p21 polymorphisms in women with CHD. The ethnically diverse pattern of relationships between 9p21 SNPs and inflammatory biomarkers identified warrants further investigation. Although currently, CHD risk is most accurately assessed using conventional risk factors including knowledge of family history and lifestyle behaviors, the concept of personalized medicine where health care is tailored to environmental and biological conditions is an important future goal (Ferro et al., 2010) .
